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列电极，研究了其光电化学性能，构建了 CdS 量子点和纳米颗粒敏化 ZnO 纳米
棒阵列光伏电池，并研究了其光电转换效率。 
(2)采用有机金属相合成法制备了粒径可控及单分散性很好的 PbSe 量子点，构
建了 PbSe 量子点敏化 TiO2 纳米棒阵列光伏电池，并研究其光电转换效率。 
(3)此部分在与本课题组郭洪辉博士合作的情况下采用电化学方法制备了 ZnO
纳米棒/CuSCN 复合膜，构建了 n-ZnO/p-CuSCN 异质结发光二极管，研究了其
电致发光性能和发光机理 
研究取得以下结果： 
1）利用不同的方法分别制备了 ZnO 纳米棒阵列电极、CdS 量子点敏化 ZnO 纳
米棒阵列复合电极和 CdS 纳米颗粒敏化 ZnO 纳米棒阵列复合电极，研究了其光
电化学性能。 
（1）利用简单的恒电位阴极还原法在 ITO 基底上一步制备了较为均匀覆盖，
且取向一致的 ZnO 纳米棒阵列薄膜。其直径大约为 150 nm, 排列紧密。ZnO 纳
米棒具有六方纤锌矿型的晶体结构，在 ITO 基底上有很好的沿 C 轴取向的生长
优势。光电化学实验表明沉积电流为-0.25 mA/cm2 沉积 60 min 所得样品的光电
性能 好。 
（2）利用连续离子层吸附反应法和化学浴沉积法分别制备了 CdS 量子点和
CdS 纳米颗粒敏化的 ZnO 纳米棒阵列复合电极。TEM 表明制备的量子点尺寸在
















为光生载流子的分离提供条件。化学浴制备的 CdS 纳米颗粒尺寸在 18 nm 左右。
CdS 敏化后的复合电极比单纯 ZnO 纳米棒阵列电极的光电化学性能有很大程度
的提高。对比 CdS 量子点与 CdS 纳米颗粒敏化 ZnO 纳米棒复合电极的光电性能，






2）分别构建了 CdS 量子点和 CdS 纳米颗粒敏化 ZnO 纳米棒阵列光伏电池，并
研究了其光伏特性 
(1)以 CdS 量子点敏化 ZnO 纳米棒复合电极作为光阳极，镀铂的 FTO 作为阴
极，以碘电对作为氧化还原电对，构建了三明治型量子点敏化太阳能电池。CdS
量子点敏化 ZnO 纳米棒光伏电池比单纯 ZnO 纳米棒及单纯 CdS 量子点所组成的
光伏电池的光电转换效率都有了明显的提高。同时研究了不同 ZnO 沉积时间及
不同 CdS 量子点的沉积次数对电池性能的影响，得出 ZnO 纳米棒沉积时间为 60 
min,CdS 量子点沉积次数为 15 次时光电转换效率 高，其值为 0.89%，高于目
前文献报道的基于此类材料的光伏电池的效率。 
(2)比较不同颗粒尺寸 CdS 敏化 ZnO 纳米棒光伏电池的光电转换效率，得出
CdS 量子点敏化的复合电极光电转换效率 高。能带图表明 CdS 量子点更容易
把光生电子注入到 ZnO 纳米棒导带中，减少了光生电子复合的机率，从而有利
于提高光电转换效率。 
3）PbSe 量子点的制备及 PbSe 量子点敏化 TiO2 纳米管阵列光伏电池的构建 
(1)利用有机金属相合成法通过分别控制成核温度、生长温度、铅/油酸的摩
尔比和生长时间，合成了不同颗粒尺寸(5-15 nm 之间)及不同形貌(球形，多面体
及立法体)的 PbSe 量子点。TEM 表明合成了 PbSe 量子点尺寸分布均一，结晶度
好。近红外表征表明合成的量子点的近红外吸收可以通过不同成核温度和不同生
长温度来调控。 





















率在 AM 1.5 模拟太阳光下达到 0.04%。 
4）ZnO 纳米棒/CuSCN 复合膜的制备以及 ITO/ZnO/CuSCN/Au 发光二极管的构
建 
（1）以 ZnO 纳米棒/ITO 为工作电极，在 ZnO 纳米棒膜上用恒电位阴极还
原法，制备了 ZnO 纳米棒/CuSCN 复合膜。暂态光电流实验说明制备的复合膜出
现了尖锐的前后峰，表明 ZnO 纳米棒在电沉积了 CuSCN 后，表面态增多，复合
物的荧光光谱及拉曼光谱也进一步证明了这一点。 
（2）主要采用电化学方法构建 ITO/ZnO/CuSCN/Au 发光二极管，其 I-V 特
性曲线图说明 n 型 ZnO 纳米棒与 p 型 CuSCN 之间形成了 p-n 异质结。
ITO/ZnO/CuSCN/Au 发光二极管在较低的正向偏压（7 V）下开始检测到电致发
光信号，电致发光谱带覆盖了从 350 nm 到 600 nm 的波段，主要是由 400 nm 附
近弱的紫外峰和 530 nm 附近强的可见发光构成，与 ITO/ZnO/Au 发光二极管相
比有较大的差别，这是由于CuSCN的电沉积使ZnO纳米棒的表面态增多引起的。
发光强度与 ITO/ZnO/Au 发光二极管相比明显增强，原因主要是在相同的偏压下

















Photovoltaic Cells Based on Semiconductor Quantum 
Dots/Nanorods (Nanotubes) Array 
The energy of our society is based on coal, oil and natural gas. Industrial 
Materials mentioned in 2003 that the remaining amount of fossil fuels available to 
humans are as follows, oil for 40 years, natural gas 60 years, and for coal it is 200 
years, thus we would run out of these fuels in the near future. With the development 
of the society, people’s demand for energy is getting greater and greater. If fossil fuels 
are widely used, besides depleting, the carbon dioxide produced in the process of 
combustion will have an effect on the climate due to its rapid increase in 
concentration in the atmosphere, and at the same time it will have damaged the living 
environment of human beings day by day. The shortage of energy and renewable 
energy has become issues followed closely by the world. As a kind of reproducible 
and clean energy, photovoltaic cells, with their simple structure and convenience to 
carry are able to convert solar energy into electrical energy without releasing carbon 
dioxide. In the meanwhile solar energy is inexhaustible, without cost and widely 
distributed. What is more, the energy irradiating from the sun to the surface of the 
earth is about 3.2*1024 Joules, in excess of ten thousand times more energy consumed 
by people at present. In other words, if 0.1% of the earth surface were covered by 
photovoltaic cells with converting efficiency of 10%, the energy they generated would 
supply the demand of all people on earth. Accordingly, the design and development of 
solar cells have been taken seriously by humans.  
As a result of their expensive materials and energy consumption, traditional 
monocrystal silica physical and inorganic thin film semiconductor photovoltaic cells 
have been in a high state of production cost. Organic photovoltaic cells have 















with a high converting efficiency has a relatively high price because of the dye and 
meanwhile fabrication of long stability all-solid state solar cells are still involve 
various of technical problems. Therefore, the search for new composite materials and 
design of photovoltaic cell structure would make further improvement on the 
efficiency of the photovoltaic cells. Semiconductor quantum dots are utilized in solar 
cells for its special chemical and physical chemical properties. The usage of 
semiconductor quantum dots as sensitizing agents in solar cells has lots of advantages. 
First, we could change the absorption wavelength by altering the size of the quantum 
dots, so then the total degree of congruence with sunlight would be enhanced. Second, 
semiconductor quantum dots have high coefficient of light extinction because of 
quantum confinement effect, and it is beneficial to improve the photoelectric 
conversion efficiency. Third, when the phonon energy absorbed by semiconductor 
quantum dots was three times higher than the forbidden gap energy, multiple electron 
generation would probably happen. If we tried to separate the photo-induced excitons 
to photo-induced carriers, we would expect remarkable enhancement of the 
photoelectric conversion efficiency. Consequently, inorganic quantum dots 
sensitization promises to be a method to replace organic dye molecules to make 
high-performance solar cells. 
This thesis mainly utilizes successive ionic layer adsorption and reaction, 
chemical bath deposition and spin-coating, directly modifying quantum dots onto 
unidimensional semiconductor nanorods array electrodes, and fabricating quantum 
dots sensitized nanorods array photovoltaic cells. Meanwhile, under the condition of 
cooperating with my doctor senior sister, we use electrochemical method fabricate the 
ZnO nanorods/CuSCN heterojunction LEDs. Three major aspects of work has been 
carried out as follows： 
First, unidimensional ZnO nanorods array films were prepared by 
electrochemical methods. Successive ionic layer adsorption and reaction and chemical 
bath deposition were used to prepare CdS quantum dots and nanocrystal modified 
ZnO nanorods array electrodes, and their photochemical properties were investigated. 
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